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The effect of different extenders on sperm motility and fertility was evalu-
ated during liquid storage of ram semen at 5 °C and 15 °C. The semen was col-
lected, pooled and diluted in three commercial extenders: Inra 96® (INRA) based 
on skimmed milk, Biladyl® A fraction (BIL) based on egg yolk, and Ovixcell® 
(OVIX) based on soybean lecithin. Then, sperm motility was evaluated at 0, 6, 24, 
48, 72 and 96 h. In order to evaluate fertility, samples stored at 15 °C were used 
after dilution in INRA and OVIX. Results showed that progressive motility was 
significantly higher up to 72 h of storage in sperm samples maintained at 5 °C in 
comparison with 15 °C, similarly for each tested diluent. When samples were 
stored at 5 °C in OVIX, kinematic parameters such as velocity (except curvilinear 
velocity, VCL), trajectory [linearity (LIN), straightness (STR), wobble (WOB)], 
amplitude of lateral head displacement (ALH) and beat/cross frequency (BCF) 
were higher than in INRA and BIL. No significant differences in pregnancy rate 
were detected between INRA (62.6%) and OVIX (58.9%). In conclusion, liquid 
storage at 5 °C with OVIX extender is an interesting option since non-animal 
components are used, and this extender offers similar in vitro and in vivo efficacy 
as other extenders containing animal components.  
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The Segureña breed is one of the most important indigenous Spanish meat 
sheep breeds, located in the highlands of Granada, Sierra de Segura and Las Vil-
las, one of the poorest areas of Europe. This breed is reared under extensive and 
semi-extensive conditions due to its high rusticity and adaptability, and allows to 
maintain the balance between environmental and social sustainability of the re-
gion (Lupi et al., 2015).  
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Artificial insemination (AI) is an essential tool within the official genetic 
improvement programme of the Segureña breed, as it enables the connection be-
tween flocks and accelerates genetic progress. However, variable fertility rates, 
low economic returns and rapid loss of sperm quality during storage are im-
portant handicaps for the routine use of this technique (Mata-Campuzano et al., 
2014). The successful application of AI in the ovine species is influenced by 
many factors such as the complex anatomy of the ovine cervix (Halbert et al., 
1990), semen preservation, livestock management, farming system, health, phys-
iological status of the sheep, semen deposition technique, environmental factors, 
human factor, sperm concentration or extender composition (Anel et al., 2005), 
among others. However, changes in sperm quality along this process have been 
reported to decrease fertility as preservation time increases (López et al., 1999). 
With regard to extender composition, which is one of the main factors in-
volved in the successful liquid storage of ram sperm, Tris-based media contain-
ing egg yolk or milk as protectants for ram spermatozoa during liquid storage are 
widely used (Kasimanickam et al., 2011). Egg yolk is a non-penetrating cryopro-
tectant that avoids or reduces the cold shock of sperm cells during the drop of 
temperature, preserving sperm motility, acrosome integrity and the mitochondrial 
membrane. These properties are attributed to the low-density lipoproteins (LDL) 
present in egg yolk (Tabaréz et al., 2017). However, milk proteins act as a buffer 
against pH changes, as a chelator against heavy metals, and they also partially 
protect the membrane (Salamon and Maxwell, 2000). Although extenders based 
on egg yolk or skimmed milk provide beneficial effects on sperm quality during 
liquid storage and cryopreservation, they are animal-derived products and pre-
sent a potential sanitary risk since they can be vectors for disease transmission 
and microbial contamination that might favour the production of endotoxins 
(Toker et al., 2016). In the past few years, other substances of non-animal origin, 
such as plant-derived lecithins, have been used for sperm preservation to avoid 
such problems, with soybean lecithin being one of the most widely used ones 
(Chelucci et al., 2015). 
Therefore, the aim of the present study was to compare the in vitro effects 
of three commercial extenders containing animal-derived (skimmed milk or egg 
yolk) or plant-derived (soybean lecithin) components during liquid storage of ram 
semen at different temperatures (15 °C or 5 °C) for 96 h. We also determined the 
fertility of liquid ram sperm stored at 15 °C, diluted in extenders containing pro-
teins of animal and non-animal origin. 
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Materials and methods 
Animals, semen collection, preparation and assessment 
Five German Mutton Merino (Merino Fleischschaf) and nine Segureña 
rams (3–5 years of age) of proven fertility from the Diputacion de Cordoba and 
Granada (Spain), respectively, were included in the present study. 
Semen was collected during the breeding season (October–February) us-
ing an artificial vagina. Animals were housed individually and fed a commercial 
concentrate (0.5 kg), with ad libitum access to alfalfa hay, water and mineral 
supplementation blocks. Ejaculates were placed into tubes and immersed in a wa-
ter bath at 37 °C. Volume (by graduated tubes), sperm concentration (Accurread, 
IMV technologies, France) and mass motility (from 1 to 5; 40× magnification; 
Olympus, Tokyo, Japan) were determined for each semen sample. The inclusion 
criteria for ejaculates were as follows: volume ≥ 0.5 ml, sperm concentration 
≥ 3,000 × 106 sperm/ml, and mass motility ≥ 4. Animal management conformed 
to the relevant regulations of the European Union (Directive 2010/63/EU) and 
the transposition of animals to the Spanish law (RD 53/2013). 
Three commercial extenders: Inra 96® (INRA, IMV technologies, France) 
based on skimmed milk, Biladyl® A fraction (BIL, Minitube Iberica S.L, Tarra-
gona, Spain) based on egg yolk, and Ovixcell® (OVIX, IMV technologies, France) 
based on soybean lecithin were used in this study. 
After individual evaluation, ejaculates were split in three aliquots, diluted 
at 1:2 with different extenders (INRA, OVIX, and BIL) and placed in a water 
bath at 37 °C. Subsequently, to avoid individual variation, the aliquots containing 
the same extender were pooled and diluted to a final concentration of 400 × 106 
sperm/ml. After dilution, sperm samples were again split in half and stored at 
5 °C and 15 °C. Motility was evaluated at 0, 6, 24, 48, 72 and 96 h after collec-
tion. The in vitro experiment was replicated 6 times in German Mutton Merino 
rams, using a total of 30 ejaculates. 
Motility analysis was performed using software ISAS v.1.2 (Integrated 
Semen Analyser System, Proiser, Valencia, Spain). Sperm aliquots were diluted 
to a final concentration of 25 × 106 sperm/ml with the same extender used for 
chilling. After dilution, sperm samples were warmed at 37 °C for 10 min. A vol-
ume of 5 μl was placed on a slide and covered with a 22 × 22 mm coverslip. Four 
fields and a minimum of 500 spermatozoa were randomly captured at 100× mag-
nification. Total motility (TM, %), progressive motility (PM, %), curvilinear ve-
locity (VCL, µm/sec), straight-line velocity (VSL, µm/sec), average path veloci-
ty (VAP, µm/sec), linearity (LIN, %), straightness (STR, %), wobble (WOB, %), 
amplitude of lateral head displacement (ALH, µm), and beat/cross frequency 
(BCF, Hz) were determined. Spermatozoa set-up was established for the head ar-
ea between 15 and 70 µm2, VAP > 10 µm/sec for motile cells, and sperm were 
considered to be linearly motile when they deviated < 75% from a straight line. 
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Artificial insemination trial 
Two Merino farms located in Southern Spain (Cordoba, Spain) were cho-
sen for this study. A total of 180 sheep and 9 tested Segureña (3–5 years old) 
rams were involved. Females were randomly assigned to two different groups 
and inseminated with cooled sperm samples diluted in INRA (skimmed milk ex-
tender) or OVIX (soybean lecithin extender). They were chosen considering the 
best progressive motility and velocity values obtained during the in vitro experi-
ment. The ewes involved in this trial ranged between 2 and 5 years of age and the 
lambing to insemination interval was extended from 64 to 98 days. Sheep were 
synchronised using an intravaginal device impregnated with 60 mg medroxypro-
gesterone acetate (Esponjavet®, HIPRA), and received a dose of 400 IU eCG 
(Oviser®, HIPRA) intramuscularly when the sponges were withdrawn. For time-
fixed AI, cooled (15 °C) sperm samples were deposited vaginally. The sperm 
samples were prepared and pooled as described in the in vitro trial. This method 
was selected as it was the most efficient method that yields acceptable pregnancy 
rates (Anel et al., 2006). Sperm doses were used around 6 h after collection, and 
females were inseminated around 55 ± 1 h after sponge removal, with 400 × 106 
spermatozoa per ewe. These animals were reared in extensive production sys-
tems and pregnancy was determined by external ultrasonography (Agroscan A8, 
ECM, France) at 42 days after insemination. 
Statistical analysis 
The SPSS 22.0 software (Chicago, IL, USA) was used for the statistical 
analysis. Normality was tested using the Kolmogorov–Smirnov test. As the data 
exhibited a non-normal distribution (except ALH and BCF traits), arcsin and ln 
transformation was carried out for percentages and continuous data, respectively. 
Repeated-measure analysis was used to test the effect of storage time (0, 6, 24, 
48, 72 and 96 h), extender (INRA, OVIX, BIL) and their interactions in motility 
and kinematic parameters. An ANOVA analysis was performed to determine the 
effect of temperature, for each time and within each extender, using temperature 
variation as a factor. Fertility was analysed using logistic regression, and farm 
and extender factors were included in the model. When significant differences 
(P < 0.05) were detected, a LSD post-hoc test was carried out. The results are 
shown as mean ± SD. 
 
Results 
Effect of extender and storage time at 5 °C 
The effect of extender, storage time at 5 °C and their interactions were an-
alysed. Extender × storage time interactions were statistically significant (P < 
0.05) for TM, VCL, LIN, and WOB. In contrast, no interactions were observed 
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for PM, VSL, STR, VAP, ALH, and BCF. Therefore, these factors were studied 
as the main effect. Figure 1 shows the TM and PM values throughout the 96-h 




Fig. 1. Effect of extender and storage time on total motility (TM) and progressive motility (PM) in 
German Mutton Merino semen samples stored at 5 °C. When the interaction between extender and 
storage time was significant, capital letters (A, B, C) show significant differences between extend-
ers within each time, and small letters (a, b, c) show the effect of time for each extender (P < 0.05). 
If no interaction was detected, the P value of the main effect is shown 
 
Differences for TM between extenders were observed at 6 h of storage. 
BIL showed significantly higher TM values than OVIX at 6, 24 and 48 h, and 
similar as INRA, except at 96 h. BIL and OVIX showed similar TM values over 
the 96-h storage time. In contrast, TM for INRA significantly decreased by 96 h.  
BIL showed significantly (P < 0.05) lower PM values than INRA and 
OVIX at 24 and 48 h. However, OVIX maintained significantly higher values for 
PM than INRA and BIL during 72 h, with a significant reduction when INRA 
was used. 
Storage time (h) 






















 Extender P < 0.013 








 a ABa ABa Aa a*
Storage time (h) 

























 Extender P < 0.0001 










 BIL  INRA  OVIX 
 
Acta Veterinaria Hungarica 67, 2019












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































436 ARANDO et al. 
Acta Veterinaria Hungarica 67, 2019 
With reference to velocity parameters, VCL at 0 h was significantly (P < 
0.05) higher for OVIX than BIL, with INRA showing intermediate values. VSL 
and VAP were significantly higher (P < 0.01) for OVIX throughout the study, in 
comparison with BIL. INRA also showed significantly lower values, except at 0 
and 6 h. It was observed that VCL significantly decreased for OVIX during 48 h, 
maintained similar values for INRA decreasing at 96 h compared to 0 h, while in 
the case of BIL it showed the highest value at 48 h but practically remained con-
stant throughout the period of storage. 
Analysing the trajectory ratio indicators (LIN, STR, WOB), it was ob-
served that OVIX significantly increased LIN values in comparison with INRA 
and BIL at all studied storage times (except for INRA at 0 h). INRA showed sig-
nificantly higher LIN values than BIL throughout the study. Regarding the effect 
of time for each extender, LIN did not show significant differences for OVIX; 
however, BIL induced lower LIN values during 48 h and INRA showed a slight 
reduction throughout 96 h. 
With reference to STR, significant differences between extenders were ob-
served up to 24 h, with INRA and OVIX showing significantly better STR values 
than BIL at 24 and 48 h. Up to 72 h of storage the STR started to significantly 
decreasing for INRA, while OVIX gave significantly better values. Although 
STR decreased up to 72 h of storage in INRA, it maintained significantly higher 
values than in BIL. 
The results of WOB showed significant differences between extenders 
over 96 h of storage, OVIX being the extender with the best values, followed by 
INRA and BIL. At 6 h of storage, INRA and BIL showed the same WOB values. 
Considering the effect of time for each extender, WOB significantly decreased 
for BIL and INRA up to 24 h, and maintained similar values over time for OVIX. 
OVIX showed significantly lower ALH and BFC in comparison with BIL 
and INRA at all studied storage times. Some exceptions were observed for ALH 
at 96 h, where BIL showed significantly higher values than INRA, and for BFC, 
where at 6 h INRA and OVIX showed the same values, and at 0 h BIL showed 
significantly higher values than INRA. 
Effect of extenders and storage time at 15 °C 
The results showed a trend similar to that observed at 5 °C. Figure 2 
shows TM and PM values during different storage times at 15 °C. Significant in-
teractions between extender × storage time were detected for TM. Other signifi-
cant interactions were observed for VCL and STR (Table 2). No interactions 
were found for PM, VSL, VAP, WOB, ALH, and BFC. Therefore, factors were 
studied as the main effect. 
No significant differences were observed between extenders during 48 h 
for TM. Nevertheless, TM significantly decreased at 72 h of storage in samples 
diluted in INRA in comparison with BIL, with OVIX showing intermediate val-
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ues. BIL showed significant differences for TM at 96 h in comparison with sam-
ples diluted in INRA and OVIX.  
Analysing the effect of storage time on TM within the same extender, the 





Fig. 2. Effect of extender and storage time on total motility (TM) and progressive motility (PM) in 
German Mutton Merino semen samples stored at 15 °C. When the interaction between extender 
and storage time was significant, capital letters (A, B, C) show significant differences between ex-
tenders within each time, and small letters (a, b, c) show the effect of time for each extender (P < 
0.05). If no interaction was detected, the P value of the main effect is shown 
 
No differences were found for PM between extenders. Regarding the ef-
fect of storage time within the same extender, it was observed that OVIX main-
tained similar values during 96 h, but this value significantly decreased in sam-
ples diluted in BIL for 48 h, and in INRA for 72 h. 
OVIX showed significantly higher VCL values at 0 and 6 h in comparison 
with BIL, and at 0 h in comparison with INRA. By contrast, no significant dif-
ferences between extenders were observed for VCL at 24, 48 and 72 h. Analys-
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ing the effect of storage time on VCL for each extender, no significant differ-
ences were observed for BIL during 96 h. However, sperm samples diluted in 
OVIX showed a significant decrease in VCL during 72 h. 
When assessing for VSL, significant differences were detected only at 48 h 
of storage, where OVIX showed higher values than BIL. Samples maintained in 
OVIX showed significantly higher VAP values than INRA and BIL during 48 h 
of storage.  
No significant differences for LIN were detected between extenders. 
However, differences were observed for STR during 48 h, where OVIX showed 
significantly higher values than BIL. In the case of BIL, STR significantly de-
creased up to 48 h, maintaining similar values during 96 h of storage for INRA 
and OVIX. Significant differences between extenders were observed for WOB 
during 48 h, with OVIX being superior to BIL and INRA. 
ALH showed significantly higher values for BIL and INRA than OVIX 
for 24 h. Furthermore, significant differences between extenders were found at 
48 h for BFC, where INRA showed higher values than BIL and INRA. 
Effect of temperature  
The effect of storage temperature (5 °C or 15 °C) was analysed for each 
time and only within each extender (Table 1 and 2). For BIL, the only significant 
differences were observed at 0 h for VCL, VSL and VAP, being higher in sam-
ples maintained at 15 °C, and at 96 h, where PM, VSL, VAP, LIN and WOB 
showed significantly higher values in samples stored at 5 °C. In contrast, ALH 
showed significantly lower values in samples maintained at 15 °C. 
In the case of INRA, samples maintained at 5 °C showed significantly high-
er values for STR at 0 h. Observing the same samples at 6 h of storage, the tenden-
cy was different, VSL, VAP, LIN and WOB being significantly higher in samples 
maintained at 15 °C. No differences were observed between the two storage tem-
peratures during 24 h. TM and PM showed significantly lower values in samples 
maintained at 15 °C for 72 h in comparison to those maintained at 5 °C. In the 
same way, the evolution of trajectory ratios (LIN, STR and WOB) over 48 h 
showed significantly better results in samples stored at 5 °C and diluted in INRA. 
When the effect of temperature was analysed in samples diluted in OVIX 
extender, significant differences were observed between temperatures for VSL, 
VAP, LIN and WOB at 0 h, with samples maintained at 5 °C showing better re-
sults. ALH and BFC were significantly worse in samples stored at 15 °C, both at 
6 and 24 h for ALH, and at 6, 24 and 48 h for BFC. Samples diluted in OVIX at 
15 °C showed significantly higher values at 24 h for VCL, in contrast to VAP 
values which were significantly higher when storage was done at 5 °C. At the 
same time, samples diluted in OVIX and maintained at 5 °C showed significantly 
better values for PM, VSL and VAP at 72 and 96 h, and better TM and WOB 
values (at 72 h and 96 h, respectively). 
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Artificial insemination 
The pregnancy rate was not significantly different between ewes insemi-
nated with sperm samples diluted in INRA or OVIX and maintained at 15 °C, 
with the pregnancy rate values being 62.6% and 58.9%, respectively (Table 3). 
Table 3 
Pregnancy rates in ewes after insemination using Segureña semen samples stored at 15 °C 
Extender 
Number  
of inseminated ewes 
Pregnancy rate  
(number of pregnant ewes) 
INRA 91 62.63% (57) 




The storage of ram semen at reduced temperatures (5 °C or 15 °C) is an in-
teresting alternative for sperm conservation; this is even more so if we consider 
that cryopreserved ram semen needs laparoscopic intrauterine insemination to 
achieve acceptable results. Laparoscopic intrauterine insemination is a restrictive 
and expensive technique and challenging to apply in the field (Álvarez et al., 
2012). Different strategies for prolonging the fertile life of spermatozoa include re-
ducing the temperature-induced sperm damage and consequently maintaining their 
fertilising capacity (Maxwell and Watson, 1996). The present study evaluated the 
motility characteristics of sperm maintained at 5 °C and 15 °C for 96 h, using dif-
ferent commercial extenders, and also determined the pregnancy rate in ewes after 
cervical insemination with semen samples maintained at 15 °C for 6–8 h after col-
lection, according to Anel et al. (2006). Sperm motility is one of the most crucial 
parameters for sperm quality evaluation, and some studies have been conducted for 
the standardisation of CASA assessment in the ram (Palacín et al., 2013). Further-
more, it has been observed that the fertilisation capacity of spermatozoa is correlat-
ed with the quantitative assessment of sperm motility by CASA. Kasimanickam et 
al. (2011) suggest that motility is the most meaningful and useful sperm quality in-
dicator, beyond DNA and mitochondrial activity assessment. 
The success of liquid storage of ram sperm is associated with a reversible 
decrease in motility and metabolic activity of sperm obtained by cooling it at low 
temperatures (5 °C or 15 °C), linked to the addition of compounds which reduce 
the production of reactive oxygen species (ROS) (Allai et al., 2015). The growth 
of ROS concentration is inevitable as a consequence of aerobic conditions where 
live sperm cells are involved (Agarwal et al., 2005). High ROS concentrations 
are associated with the inhibition of the normal function of spermatozoa and the 
reduction of their viability, due to oxidative stress and the subsequent peroxida-
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tion of polyunsaturated fatty acids located in the sperm membranes (Aziz et al., 
2004). Lipid peroxidation provokes an irreversible loss of motility, inhibition of 
fructolysis and respiration, and structural damage of the sperm membrane in ram 
semen (Dunnett, 1980). This could partially explain the sperm motility (TM and 
PM) reduction observed over the storage time in samples stored at 15 °C, sug-
gesting that the high metabolism of sperm samples maintained at 15 °C increases 
ROS production and, indirectly, reduces the sperm motility. 
The extender is an essential factor that was found to affect sperm motility 
parameters during the present study, and differences between the extenders were 
demonstrated at both storage temperatures. In semen samples maintained at 5 °C, 
it was observed that the BIL extender showed similar TM values as the INRA 
extender, but significantly higher than the OVIX extender between 6 and 48 h. In 
contrast, PM in samples diluted in OVIX and INRA extenders was higher than in 
those diluted in BIL from 24 to 72 h. The OVIX extender promoted better PM 
from 72 and 96 h than the INRA extender. In contrast, Kasimanickam et al. (2011) 
did not find any differences during the first 30 h of storage in the three types of 
extenders. At the same time, Paulenz et al. (2003) and Quan et al. (2016) report-
ed that Tris egg yolk-based or Tes-based extenders offered better sperm protec-
tion properties (motility, membrane functionality, acrosome integrity, and mito-
chondrial membrane potential) than skimmed milk-based extenders, which is at 
variance with our results considering the studied variables. In the present study, 
samples extended in OVIX and maintained at 5 °C showed slightly higher sperm 
motility and other kinematic values than those reported by Kasimanickam et al. 
(2011) and Falchi et al. (2018). Breeds, cooling rates and the software used for 
motility evaluation could be the reason for the above-mentioned differences 
(Falchi et al., 2018). 
Concerning sperm samples maintained at 15 °C, Mata-Campuzano et al. 
(2014) suggested that INRA was more efficient to maintain sperm motility than 
the Tris-based extender (without egg yolk) during 48 h. In our study, the quality 
of sperm samples stored at 15 °C decreased over the storage time with particular 
relevance from 72 h onward. However, when samples were stored at 5 °C, sperm 
motility was slightly reduced, probably due to the pH reduction of the extender. 
The pH of ram semen is 6.7–6.8, but during storage sperm samples can be con-
taminated and bacteria might produce metabolites and reduce extender pH; the 
consequent reduction of internal spermatic pH decreases sperm metabolism and 
motility (Yániz et al., 2011). Regarding the kinematic parameters, OVIX extend-
er at 5 °C promoted better velocity (except VCL), trajectory (LIN, STR, WOB), 
ALH and BCF values than INRA and BIL. On the other hand, when samples 
were stored at 15 °C, VAP, STR, WOB and ALH were higher for the OVIX ex-
tender, but significant differences were observed after 24 h. In this sense, numer-
ous studies suggested a correlation of some kinematic parameters with the ferti-
lising ability of spermatozoa. Larsen et al. (2000) observed that VCL was the 
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most significant parameter correlated with the fertilisation rate in human sperm. 
Although VCL values showed significantly better results in the OVIX extender 
at 15 °C than in the INRA extender during 6 h of storage (the same as used for 
the insemination procedure), no fertility differences were observed during the in-
semination trial. Sanchez-Partida et al. (1999) reported that VCL, VSL, VAP and 
ALH are positively correlated with fertility after intrauterine insemination. Simi-
larly, Robayo et al. (2008) suggested that VAP and VCL are good predictors of 
the ability of spermatozoa to migrate in the cervical mucus of ewes. In other spe-
cies, kinematic parameters are also positively correlated with litter size in boar 
(Holt et al., 1997) and with fertility in buffalo (Hussain et al., 2016). 
The most efficient method to yield acceptable pregnancy rates was the ap-
plication of cervical insemination with semen preserved at 15 °C and for 6–8 h 
post-collection (Anel et al., 2006). O’Hara et al. (2010) suggested that the ferti-
lising capacity was greater at 6 h and 24 h if sperm was stored at 15 °C; in vitro 
fertilisation trials were used to test the validity of this proposal. Our results show 
no significant differences in pregnancy rate between INRA (62.6%) and OVIX 
(58.9%) extenders after application of cervical insemination with semen pre-
served at 15 °C around 6 h post-collection. These results using skimmed milk-
based extender (INRA) in rams are in accordance with those obtained by Paulenz 
et al. (2003) who reported a 66% non-return rate and 61% lambing rate using 
cooled liquid semen. Similarly, Roostaei-Ali Mehr et al. (2013) obtained 56% 
lambing rate when sperm samples were diluted with skimmed milk-based ex-
tender and incubated for 52 h at 5 °C. 
In conclusion, liquid storage at 5 °C could be an alternative for sperm stor-
age, OVIX extender being the most interesting option for ram sperm dilution. 
Since it provides similar in vitro and in vivo efficacy as the other extenders, it 
can be a good replacement for extenders of animal origin, in order to avoid the 
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